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STUDIES ON LOCALIZATION OF "HISTIDINE-RICH" PEPTIDE
MATERIAL PRESENT IN EPIDERMIS OF THE
NEWBORN RAT*
JORGE GUMUCIO, M.D.t, CAROLYN FELDKAMP, M.S.t AND
I. A. BERNSTEIN, Pu.Ii
Radioautographic studies of epidermis of
the newborn rat have shown that there is a
difference in the initial localization of certain
amino acids (1, 2). Whereas tritiated leucine,
phenylalanine and methionine are first in-
corporated in the cells of the basal and lower
spinous layers, tritiated histidine first appears
localized in the cells of the upper layer. This
difference in the initial localization of amino
acids and the histochemically demonstrated
higher concentration of histidine in the gran-
ular layer relative to the other layers (3), sug-
gest that as epidermal cells differentiate dur-
ing their migration from the basal toward
the cornified layer, the synthesis of new and
unusual protein is initiated (4).
Fractions of epidermal protein have been
isolated which 1) are soluble in S M urea, 2)
are nondialyzable and soluble in 0.1 N PCA,
3) contain histidine but no leucine, mcthio-
nine, or phenylalanine, and 4) account for 40%
of the tritiated histidine initially incor-
porated in the epidermis (3). The chromato-
graphic behavior of purified, histidine-rich
peptidc material on columns of Sephadex G-
50 and G-100 has been reported (5).
The actual localization of this histidine-
rich peptide material in the granular layer
of the epidermis of the newborn rat has now
been demonstrated by its isolation from a tis-
sue preparation containing granular but no
basal and few, if any spinous cells.
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MATERIAL AND METHODS
Tritiated histidine (1 mc/ml, 4.7 c/mmolc, in
50% ethanol) was injected intraperitoneally (0.02
me/animal) to newborn rats (3—4 days old) CFN
strain. After one hour, the skin was removed and
placed in 0.1% trypsin in Earle's balanced salt
solution (0.112 M NaCl, 0.005 M KCI, 0.0004 M
Mg504, 0.0002 M NaH2PO4, 0.026 M NaHCO3,
0.002 M CaCI2, 0.005 M glucose) for 60 to 80
mm. at 00 C to separate the epidermis and dermis.
The epidermis was then stirred at 00 in a solution
containing 0.001 M EDTA, 0.13 M NaC1, 0.002 M
KHOPO4, 0.003 M KC1 and 0.005 M NaHPO4,
pH 7.4, to remove the lower cell layers from the
combined granular and horny layer. After 15 mm. in
this solution, the remaining epidermis was re-
moved, placed in a fresh EDTA-salt solution and
stirred for another 10 mm. Histologic sections
made at 0 time showed that some of the basal
cells of the epidermis were lost during its separa-
tion from dermis (Fig. 1) and that after 15 mm
in the EDTA-salt solution, the remaining epidermis
contained mainly granular cells attached to the
stratum corneum ("upper cell" fraction) (Fig. 2).
Therefore, the cells freed between 0 and is mm.
were mainly spinous cells and the cells freed be-
tween 15 and 25 mm. were mainly granular cells.
The granular cells were removed by centrifugation
and the pellet was submitted to the published
procedure (4) for isolation of the histidine-rich
pcptide fraction.
RESULTS
Fifty % of the 8I1-material extracted with
urea from the "upper cell" fraction, was
dialyzable as compared with only 10% when
total epidermis was used for the isolation (5).
When the lyopbylizcd material was extracted
with 0.12 N HCIO4 (PCA) and the pH ad-
justed to 4.5, a precipitate with a high specific
activity was obtained when working with
total epidermis. This precipitate was not ob-
tained when working with the upper cell frac-
tion obtained after EDTA treatment. However,
when the pH 4.5 PCA soluble material ob-
tained from this "upper cell" fraction was
submitted to chromatography on Sephadex
0-50 and G-i00, it behaved as did the histi-
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FIG. 1. Epidermis of a 3 day old rat after
separation from dermis by treatment with 0.1%
trypsin in Earle's solution at pH 7.6 and 00.
dine-2H material obtained from total epi-
dermis. It was excluded on G-50 and retarded
on G-100 as shown in Figure 3 (A and B).
When the release of 8H-material from epi-
dermis on treatment with the EDTA-salt solu-
tion was studied, 50—80% of the total re-
covered 8H-material was released during the
first 5—10 mm. of incubation. This all_material
was not associated with the cells liberated dur-
ing this period. All the 3H-material remained
in the supernatant fraction. As it was not
possible to localize the cellular source of this
8ll-material present in the supernatant frac-
tion in the first 15 mm. of incubation, an-
other method for separation of cells was at-
tempted.
It has been reported that incubation in a
solution of tetraphenylboron (TPBNa) pre-
sumably a complexing agent for K, results
in the separation of liver cells (6). The in-
tegrity of the separated cells by microscopic
observation, seemed good. This method was
then used to separate epidermal cells. Tritiated
histidine was injected intraperitoneally and
the skin removed after one hour. The dermis
and epidermis were separated in a mixture of
0.003 M TPBNa-suerose salt solution (0.05 M
sucrose, 0.14 M NaC1, 0.005 M Na2HPO4) pH
8.3 at 37° C after 30 mm. of incubation. Tin-
FIG. 2. Remaining epidermis after 15 mm. of incubation in "EDTA-salt" solution
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Fie. 3. A—Sephadex G-50 chromatography of the pH 4.5 PCA soluble 3H-material from
the upper cell fraction obtained by EDTA treatment. Eluting solution: 0.01 N NH8.
Recovery of 311-material and protein: 89%. B—Sephadex G-iOO chromatography of the
radioactive peak obtained after Sephadex G-50. Eluting solution: 0.1 N acetic acid. Re-
covery of 3H-material: 85%. Protein: 79%.
548 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
Fm. 4. A—Epidermis of a 3 day old rat after separation from dermis by tetraphenyl-
boron (TPBNa) treatment of the skin. B—Remaining epidermis after 240 mm. of TPBNa
treatment of the epidermis (upper cell layer).
der these conditions it was possible to separate
25 to 60% of the epidermis from the dermis.
The separated epidermis was immersed and
stirred in a fresh TIPBNa solution of the same
characteristics as before. After 15 mm. of
treatment, the remaining epidermis was re-
moved and immersed in a fresh TPBNa solu-
tion. This operation was repeated at 15, 45,
75, 140 and 240 mm. At the end of 240 mm.,
the remaining epidermis and each of the frac-
tions were homogenized in 8 M urea-0.2 M
Tris, pH 8.6.
Histologic sections showed that after separa-
tion of dermis from epidermis by this method
some of the basal cells were lost. After 240
mm. of exposure to TPBNa, mainly granular
cells attached to the stratum eomeum were
present, Figure 4 (A and B). Therefore, the
fractions obtained between 0 and 240 mm.
contained mainly spinous cells and the one oh-
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tamed after 240 mm., mainly granular cells
and stratum corneum.
The release of radioactive material into the
medium during separation of cells in TPBNa
is shown in Fig. 5. When the urea extracted
8H-material from each fraction was analyzed,
21% of the total recovered 'H-material was
liberated during the first 15 mm., 5% between
15 and 45 mm., 3% between 45 and 75 mm.,
1.5% between 75 and 240 mm. and 69.5% was
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Fm. 5. Release of 'H-material into the incuba-
tion medium during separation of epidermal cells
by TPBNa. F.H. = final homogenate.
present in the 8 M urea homogenate made after
240 mm. From the total 'H-material recovered
after dialysis, 6% was present in the first 15
mm. fraction, 2% in the 15—45 mm. fraction,
1.5% in the 45—75 mm. fraction and 0.5% in
the 75—240 mm. fraction. Ninety % was pres-
ent in the 8 M urea homogenate made after 240
mm.
A comparison of the behavior of the 'H-
material obtained from the "TPBNa-upper
cell" fraction and from the is mm. fraction
after TFBNa treatment with the one obtained
from total epidermis is presented in Table I.
It can be seen that the homogenate made after
240 mm. (from the "TPBNa-upper cell" frac-
tion) behaved very similarly to the one ob-
tained from total epidermis. The specific
activity increased in both fractions as the pro-
cedure was carried out. Contrary to the results
obtained with EDTA salt, with TFBNa, a pre-
cipitate with a high specific activity was ob-
tained at pH 4.5 from the material extracted
with 0.1 N PCA—as was obtained from whole
epidermis. In contrast, the "is mm." fraction
behaved quite differently. The specific activity
decreased during the isolation procedure and
most of the final 'H-material remained in the
supernatant when the PCA-extract was ad-
justed to pH 4.5.
When the precipitate obtained at pH 4.5
from the "TPBNa-upper cell" fraction was
chromatographed on Sephadex G-50, the radio-
active peak was excluded as shown in Fig. 6A.
TABLE I
After
IS Minutes 240 Minutes
Total
Epidermis
Cpm
(%)
Cpm/mg
protein
Cpm
(%)
Cpm/mg
protein
Cpm
(%)
Cpm/mg
protein
UREA
EXTRACT 100 (00 100 560
DIALYZED
EXTRACT 162 286 88.1 2,830 90
0. IN FICIO4
EXTRACT 4.64 35.8 42 740
pH 4.5
INSOLUBLE 44 82.4 28.2 15,700 38 5,000
pH 4.5
SOLUBLE 4.2 119.5 7.6 184 2 90
Distribution
Epidermis
of Histidine Material in the
Before Dialysis
After Dialysis 10.01 N NH3)
0-IS 15-45 45-75 75-240 F.H.
TIME OF INCUBATION (MINUTES) IN TPB
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FIG. 6. A—Sephadex G-50 chromatography of the pH 4. precipitate obtained from the
upper cell layer. TPBNa was used to separate the cells. Recovery of 3H-rnaterial and pro-
tein: 96%. B—Sephadex G-100 chromatography of the radioactive peak obtained after
Sephadex G-50 chromatography. Recovery of 8H-material: 82%. Recovery of protein: 72%.
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After chromatography on Sephadex G-100, the
peak was retarded as shown in Fig. GB.
DISCUSSION
When TPBNa was used to separate the cells
of the epidermis, mainly granular cells and
stratum eorneum were present after 240 mm.
Ninety % of the radioactive material recovered
after dialysis of the urea extract in 0.01 N NH3
was present in the TPBNa "upper cell". As
it has been shown by radioautography (1, 2)
and by chemical isolation of the stratum
corneum (5), that this portion of the epi-
dermis does not incorporate histidine-3H after
one hour on injection; the radioactive ma-
terial obtained from the upper fraction must
have been present in the granular cells. The
material labeled with histidine-3H obtained
from this upper fraction by incubation with
TPBNa behaved very similarly to that ob-
tained from total epidermis when submitted
to the same procedure for isolation of the
"histidine-rich" peptide (Table I), The same
pattern was also found after Sephadex G-50
and G-100 chromatography. This would in-
dicate that the material labeled with tritiated
histidine previously isolated from total epi-
dermis, is present in the granular cells of the
epidermis of the newborn rat.
The 8H-material that appeared mainly in
the supernatant fraction during the first 15
mm. of incubation in EDTA salt or TPBNa
could have leaked from the upper cells during
the incubation procedure. When the behavior
of the 15 mm. fraction was compared with the
one obtained after 240 mm. in TPBNa or from
total epidermis, certain differences were found.
Eighty to 90% of this initial fraction was
dialyzable as compared with 10 to 30% in the
material obtained from the upper cell fraction
or from total epidermis. This would suggest
that the 3H-material that appeared in the first
15 mm. had been degraded during treatment.
After treatment with PCA, although a pre-
cipitable fraction at pH 4.5 was obtained
from the 15 mm. fraction, the specific activity
was considerably lower than the equivalent
fraction obtained from the upper cells (Table
I). Therefore, under the present conditions, it
appears that the 15 mm. fraction and the
one obtained after 240 mi, are different when
compared on the basis of the behavior during
isolation of the histidine peptide material.
It is possible that 3H-material obtained at
15 mm. comes from the lower cells since
small amounts were found in the lower layers
by radioautography. But it is also possible
that this initial material was originally pres-
ent in the upper cells and corresponds to 3Jf_
peptide degraded during the initial TPBNa
treatment of the skin. The different behavior
of this initial fraction during the procedure
of isolation may be a consequence of its alter-
ation by such treatment. At the present time
there is insufficient data to clarify this point.
5UMMARY
A method that permits the separation of the
epidermis into a lower and an upper fraction
has been described.
A radioactive fraction precipitable at pH
4.5 from material extracted with 0.1 N PCA
was obtained from the upper cells of the epi-
dermis of the newborn rat after TPB treat-
ment. A similar fraction had been obtained
from total epidermis.
The behavior of the histidine 'H-material
obtained from the "TPBNa upper cell" frac-
tion during isolation of the histidine-rich
peptide is the same as the one obtained from
total epidermis. This evidence has been in-
terpreted as suggesting that the histidine-rich
peptide material is present in the granular
cells of the epidermis.
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